Background. Surgical gastrojejunal anastomosis (GJJ) is considered the standard palliative option for gastric outlet obstruction. The use of endoscopic GJJ has generated a lot of attention and has enlarged the horizon for patients with open surgery contraindications. Our study aimed to assess and compare 2 purely endoscopic GJJ approaches using a lumen-apposing hot tip double-flanged metal stent, with focus on technical and clinical success rates on experimental animals. Methods. Two endoscopic GJJ techniques using a double-flanged self-expandable metal stent were compared on 8 pigs. Natural orifice transluminal endoscopic surgery (NOTES) was used on 4 pigs, while the other group was subjected to an endoscopic ultrasound (EUS) balloon-guided approach. Results. On a 21-day follow-up, both EUS and NOTES-GJJ were technically successful in all experimental animals, and necropsy confirmed full integrity of the anastomosis. Adhesions were confirmed only on 2 pigs after NOTES procedure. The mean time for GJJ-NOTES completion was 31.375 ± 2.03, whereas EUS-GJJ was completed with a median time of 20.275 ± 0.65. The stent distance from the stomach varied; in NOTES-GJJ it was 47.8 ± 11.13 cm away from the pylorus, whereas in EUS-GJJ was at 37 ± 1.85 cm. Conclusion. No major complications were encountered during both procedures. EUS-GJJ balloonguided approach might be a more attractive technique by using sonographic guidance, because of less endoscopic instrument changing as well as in achieving the desired anastomotic distance.
Introduction
Owing to the continuous evolving field of minimally invasive surgery and irrespective of the indication, gastrojejunal anastomosis (GJJ) has progressed from open surgery to laparoscopic and even natural orifice transluminal endoscopic surgery (NOTES). 1 GJJ with a doubleflanged self-expandable metal stent comes forward as a new endoscopic alternative and may also overcome some technical difficulties of the other available techniques. 2 With many experimental procedures and some clinical cases, stenting-GJJ offers a window of opportunity for patients with gastric outlet obstruction (GOO). 3, 4 Self-expanding metal stents are recognized worldwide for the management of GOO, because of their minimal invasive nature, technical success, as well as their safety profile procedure. 5 Taking into account that tumor overgrowth or ingrowth, stent migration, and occlusion are still frequently encountered, at least a second endoscopic procedure is usually indicated. 6 Creating a gastric bypass with a lumen-apposing metal stent represents an evolutionary step in therapeutic endoscopy. This procedure may overcome the endoscopic enteral stenting flaws by placing the stent further away from the tumor, in plain healthy tissue with no secondary risk of tumor invasion. Purely endoscopic GJJ requires either a double-channel scope or an endoscopic ultrasound (EUS) approach. 8 While the concept is similar in creating a new fistulous tract, the procedural steps are different with certain technical difficulties and requirements. No doubt that these procedures require high technical abilities and should be performed by expert practitioners with experience in therapeutic endoscopy.
Our objective was to assess and compare 2 purely endoscopic GJJ approaches using a lumen-apposing double-flanged metal stent, concerning technical and clinical success rates on experimental animals.
Materials and Methods

Study Design
The experimental protocol was in accordance with national legislation and European directives (Number 2010/63/EU) for animal use and care, and was submitted to and approved by the local Ethics Committee of University of Medicine and Pharmacy of Craiova, Romania (Number 56/28.03.2014). This was a prospective, controlled 21-day animal study on 8 female pigs (sus scrofus domesticus) with an overall weight of 34 kg (32-36 kg). Animals were divided into 2 groups: NOTES-GJJ performed with a double-channel endoscope, and EUS-GJJ with direct view under EUS guidance.
All animals were maintained under a controlled environment, with a temperature of 20°C to 22°C, with weighted and processed food. Fasting was introduced 24 hours before the procedures, and water supply was ceased the night before. Antimicrobial prophylaxis was instated using Ceftriaxone 1 g (Sandoz, Kundl, Austria). Anesthesia protocol consisted in an intramuscular injection of ketamine 20 mg/kgc (MSD Animal Health, Rhineland-Palatinate, Germany), xylazine 2 mg/kgc (Bioveta AS, Ivanovice na Hané, Czech Republic), and atropine 0.015 mg/kgc (Biofarm, Bucharest, Romania) followed by endotracheal intubation. Sedation was maintained with propofol 0.5 mg/kgc (Fresenius Kabi Austria GMBH, Austria) continuously, fentanyl 3 μg/kgc (Actavis Nordis A/S, Gentofte, Denmark), and Pavulon 0.1 mg/ kgc (Pancuronium Bromide, Akzo Nobel, Nederland) with live monitoring of oxygen saturation and heart rate.
All procedures were performed by 2 endoscopists, one with expertise in endoscopic ultrasound and the other with high therapeutic endoscopy experience. Both practitioners had experience in using the AXIOS stent.
NOTES-GJJ
This procedure used a double-channel endoscope (GIF-2T-240; Olympus, Tokyo, Japan), an electrosurgical unit (ERBE Erbotom ICC 200), and additional endoscopic accessories. The endoscope was inserted through the pig's mouth, and the esophageal lumen was secured with an overtube. After checking and cleaning the stomach, the anterior gastric wall was located and a gastric incision of approximately 10 mm was performed with a needle knife (KD-10 Q-1; Olympus, Tokyo, Japan) in order to access the peritoneum. The gastrostomy was progressively dilated for 1 minute using a 15-mm dilating balloon (Boston Scientific, Natick, MA), and the peritoneoscopy was performed by carefully advancing the endoscope. The jejunum was identified, and a close jejunal loop was selected with a twin grasper forceps and pulled inside the stomach. While holding the jejunal loop with the twin grasper, a tenting position was obtained, which eased the puncturing process with a 15-mm diameter fully covered lumen-apposing metal stent (Xlumena Inc, Mountain View, CA), which has a self-electrocautery-enhanced delivery system. After stent deployment and both flanges being released, a second balloon dilation was performed within the stent lumen. Throughout the procedure, the capnoperitoneum was maintained by endoscopic insufflation (Figures 1 and 2 ).
EUS-GJJ
A standard colonoscope was inserted through the overtube up to the second duodenum. A 60-mm diameter enteric balloon (SMART NaviAidTM ABC) was placed at more than 30 cm away from the pylorus. After filling it with saline solution and maintaining it into position the colonoscope was withdrawn. Previous gastric decontamination was performed. The next step consisted in using a therapeutic linear echoendoscope (GF-UC140P; Olympus Medical Systems, Tokyo, Japan) for transgastric identification of the balloon. While keeping it in direct ultrasonographic view, the hot tip of the fully covered expandable metal stent punctured the balloon, allowing the saline solution to be spilled. The stent was then deployed under direct EUS-imaging and further dilated with an enteric balloon (Figures 2 and 3 ).
Postprocedure Follow-up
All animals were closely observed during the procedure and were allowed to recover from their anesthesia. They were monitored for the next 21 days, with food resumption 24 hours after the procedures with a controlled diet during this period. Any sign of infection or change in their behavior was noted. After 3 weeks, the animals were euthanized with an overdose of pentobarbital and potassium chloride. Both gross examination of the GJJ and histopathological analysis were performed. Samples from the anastomotic sites were taken and fixed in 10% buffered formalin for pathologic examination.
Procedure times, GJJ success rate and safety, as well as complications (bleeding rate, perforation) and adhesions formation were assessed. Time was measured from the endoscope insertion to the final step of placing the stent and GJJ completion. Video recordings were used. Gross examination confirmed the additional lesions or complications.
Results
While performing the stenting GJJ, no general adverse events, desaturation, and hemodynamic inaccuracies took place. All pigs had controlled meals with no strange behavior (vomiting, decreased feeding amounts) encountered after GJJ procedures. Furthermore, no signs of infection were encountered.
Both EUS and NOTES approaches with the hot tip metal stent were technically successful in all experimental animals. On a 21-day follow-up no late complications were noted, with all pigs surviving the procedure. The mean time for GJJ-NOTES completion was 31.375 ± 2.03. GJJ steps were as follows: incision time 13.76 ± 1.53; jejunal loop positioning (exploring the peritoneum, jejunal loop choosing, and retraction within the stomach): 13.25 ± 1.48; stent deployment: 4.7 ± 0.39.
EUS-GJJ was completed with a median time of 20.275 ± 0.65. Balloon insertion, positioning, and saline solution filling was 8.1 ± 0.43. EUS-imaging visualization of the balloon was 6.975 ± 0.84. Stent deployment and anastomosis creation was 5.2 ± 0.71.
After resuming the feeding process, the weight curve pointed out a slight weight loss of 1.8 ± 1.1 kg in the NOTES-GJJ group, whereas the EUS-GJJ group had 2 ± 1.3 kg weight loss.
Necropsy showed integrity of the anastomosis between the gastric wall and the jejunum with the covered stent in normal position in both techniques. Also, no signs of GJJ obstruction, abscess formation at the puncture site, or possible leakage were visible. However, in the NOTES-GJJ procedure one pig showed important adhesions between the small part of the jejunum and the stomach and liver, and another pig only mild adhesions between the stomach and intestinum. The stent distance from the stomach varied; thus, in NOTES-GJJ it was 47.8 ± 11.13 cm away from the pylorus, whereas in EUS-GJJ it was 37 ± 1.85 cm away from the pylorus (see Figures 4 and 5) .
The NOTES-GJJ anastomosis had a mean diameter of 16.25 ± 0.33 cm at the gastric mucosa level, whereas EUS-GJJ had 16.23 ± 0.44 cm (Figure 3 ). Microscopic assessment revealed complete healing between the 2 digestive structures, with submucosal appositioning and prominent collagen-filled fibrosis (see Tables 1 and 2) . Also, few cases showed mild inflammatory signs, consisting of macrophages, lymphocytes, neutrophils, and so on.
Discussion
The need of inducing less surgical stress and avoiding abdominal incisions by replacing traditional laparoscopic GJJ with an endoscopic approach seems to be a growing trend. This method has been certified so far in several clinical settings, and even collaborated in a multicenter experience, 4 which highlights the potential benefits of this approach. Surely, surgical bypass contraindications could be reconsidered by enteral stent placement, which has a potentially lower complication rate as well as a short hospitalization. 9, 10 However, recurrent stent migration, occlusion, as well as tissue overgrowth may burden the patient's status. Thus, endoscopic GJJ with stent placing further away from the stenosis may avoid some of the risks and also be a more bearable procedure with less discomfort in the future. 8 A recent study comparing enteral stenting with EUS-guided GJJ focused on endoscopic reinterventions and hallmarked the advantages of using EUS with less recurrence rate and technical and clinical success. 7 So far, various GJJ approaches have been tested in animals, from magnetic anastomosis, T-anchoring devices, suturing technique, and stent placement by either direct endoscopic view, laparoscopic, or EUS-assisted procedure. Stenting GJJ may be less challenging than other situations, because of less required maneuvers as well as less tissue handling. Two lumen-apposing metal stents attracted extensive attention: the SPAXUS and AXIOS stents. The AXIOS proved to have a better anchor system, with the stent flanges maintaining a more resistant GJJ, and also come with a larger diameter of 15 mm than the SPAXUS stent, which is only 10 mm in diameter. 11 Our study focused on comparing 2 endoscopic approaches using the one-step deployment technique with the hot AXIOS stent. Securing an anastomosis between the stomach and the jejunum with a metal stent has been proven feasible even in clinical settings; however, various techniques have been used. We compared the basic endoscopic approach, with a double-channel scope and EUS approach, which has the advantage of live-guided procedure on ultrasound imaging.
While none of the 2 settings did show any major complications during or 3 weeks after the procedures, some differences regarding procedure time and potential benefits were taken into account. We showed that both approaches are feasible in performing a gastric bypass with lumen-apposing metal stents with 100% success rate. The NOTES-GJJ approach consisted of several steps and proved to be a more laborious procedure than EUS-GJJ. Blindly puncturing the gastric wall and passing into the peritoneal cavity may generate some additional risks, especially peritoneal contamination, which may be avoided by using the EUS technique. A more challenging aspect seemed to be the selection of the precise loop for the anastomosis. During the exploration of the peritoneal cavity with an endoscope, the identification of a jejunal loop close to the duodenum was rather difficult and more time consuming in 2 cases. In GOO-related gastric bypass, the first jejunal loop is usually used, whereas using a more distant loop might lead to malabsorption. Thus, choosing a precise length might be a useful method in gastric bypass patients with obesity surgery indications. Furthermore, this seemed to be a major advantage in using the EUS-guided technique. When comparing the anastomotic distances between the 2 approaches with the necropsy results, a more precise and less difficult bypass was performed under EUS guidance. The use of an enteric balloon provides a better control in achieving the desired anastomotic distance, which may be helpful if bariatric gastric bypass has to be taken into account. Our results show that gastric incision and peritoneal exploration with jejunal loop retraction lasted longer than the EUS-GJJ steps. Consecutively, this may also be because of various endoscopic instruments changing, such as needle knife, balloon dilator, and grasper, whereas the EUS-GJJ only required placing and water filling of the enteric balloon. Regardless of this aspect, stent deployment was similar in both procedures with no significant changes in time.
No major complications were noted during or after the procedures. Necropsy findings showed adherences in 2 cases after endoscopic GJJ, which may be caused by prolonged movement of the jejunal loop with the grasper or after the gastric incision. Complete stent anastomosis was found in all animals, which was further confirmed by histopathological workup with submucosal appositioning. The development of double-flanged lumen-apposing metal stent with one-step deployment facilitates rapid movement, suppresses the risk of complications when performing a suturing technique, and validates anastomotic patency. However, when translating the procedure to humans, adding a supplementary suture might be useful in providing more anastomotic strength. Thus far, a potential flaw might be the 15-mm diameter, which on a long follow-up could lead to food obstruction. Our study was only on 3 weeks follow-up and with controlled food. Limitations also include the small number of animals used to compare the 2 approaches and the study of long patency of the anastomosis.
Nowadays, replacing the surgical techniques into endoscopic minimal invasive approaches are in the spotlight, and endoscopic GJJ is not an exception. Endoscopists experience gain has promoted this technique into a more popular approach for patients with GOO. However, EUS-GJJ requires important EUS therapeutic skills and expertise before jumping to such a laborious procedure. Our study pointed that EUS-GJJ might be less demanding to perform if a certain level of expertise has been reached, and also greater patient benefits may be added.
Conclusion
Our study validates and compares 2 approaches in the creation of endoscopic GJJ, which may be used for in case of primary or metastatic tumors that lead to GOO. Both techniques represent an attractive alternative to gastric bypass, but they require important expertise in interventional endoscopy and should be performed only in experienced endoscopy centers. EUS-GJJ seems to be a more attractive technique by using sonographic guidance, which simplifies the procedure. This evolutionary step in therapeutic endoscopy may overcome the contraindications of laparoscopic and open surgery gastric bypass and provide a better palliation of patient's symptoms.
